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[0002] 
[Prior Art] 

Recently, in a display device with a liquid crystal panel, a liquid crystal display 
panel is usually illuminated from the backside. Fig. 4 is a sectional view showing an 
example of an illumination device. Referring to Fig, 4, the numeral 1 designates a 
light guide, the numeral 2 designates a reflecting surface, the numeral 3 designates a 
diffusing surface, and the numeral 4 designates a light source. A cold-cathode tube is 
usually used as the light source 4. The numeral 5 designates a liquid crystal plate, 
[0003] 

In the illumination device having the configuration shown in Fig. 4, the light 
emitted from the tubular light source 4 propagates through the light guide 1 as shown by 
an arrow of Fig. 4. The light propagating upward is directly dijHiised by the diffusing 
surface 3, and the light is transmitted through the liquid crystal plate 5. The light 
propagating downward is reflected by the reflecting surfece 2, the light passes through 
the light guide 1 again, the light is diffused by the diffusing surface 3, and the light is 
transmitted through the liquid crystal plate 5. As a result^ a transmittance depends on a 
liquid crystal pattern displayed on the liquid crystal plate 5, so that the pattern can be 
recognized in a relatively dark site. 
[0004] 

A lighting device having a configuration shown in Fig. 3 can be cited as an 
example of the conventional lighting device of the illumination device. ITie lighting 
device includes an oscillation transformer 1 1 and an oscillation circuit. The oscillation 
transformer 1 1 includes a primary winding, a secondary winding, and a feedback 
winding. The oscillation circuit includes a resonant capacitor 12 and transistors 13 and 
14. A high-frequency voltage having a sine wave is generated in the oscillation 
transformer 1 1 . Usually a fi^quency ranges from 20 kHz to 70 kHz. 
[0005] 
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One end of the secondary winding is grounded, and the other end is connected 
to one of electrodes of a cold-cathode tube (CFL) 1 6 through a capacitor 1 5. The other 
electrode of the cold-cathode tube (CFL) 1 6 is grounded throu^ a tube current 
detecting resistor 1 7. One end of the tube current detecting resistor 1 7 is connected to 
a dimming circuit 1 8 through a diode. The dimming circuit 1 8 includes a brightness 
adjusting variable resistor 19 and an error amplifying unit 20. TTie dimming circuit 1 8 
divides a voltage from one end of the cold-cathode tube (CFL) 16 using the brightness 
adjusting variable resistor 19, and the dimming circuit 18 amplifies the voltage using 
the error amplifying unit 20. A PWM circuit 21 receives feedback of an output from 
the error amplifying unit 20, and an output signal of the PWM circuit 21 is controlled to 
adjust brightness of tiie liquid crystal display device. 
[0006] 

[Problem to be solved by the Invention] 

With upsizing the liquid crystal display, it is necessary to lengthen the 
cold-cathode tube, and it is also necessary to increase applied voltage. However, when 
a voltage difference is excessively increased between the applied voltage and ground 
voltage, a leak current is generated, which results in a problem that the brightness is 
lowered in the cold-cathode tube (CFL). 
[0007] 

In order not to generate the leak current, there is proposed a method in which 
one end of the secondary winding is not grounded. However, when the one end of the 
secondary winding is not grounded, there is generated a problem that the tube current 
detecting resistor and the error amplifier cannot simply be connected. In view of the 
foregoing^ an object of the invention is to provide a lighting device having a dimming 
circuit which can light the long cold-cathode tube, 
[0008] 

[Means for solving Problem] 
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In order to achieve the above object, a cold-cathode tube lightmg device 
according to the invention in which aa oscillation circuit generates a high-frequency 
voltage to light a cold-cathode tube, and a voltage control circuit of the oscillation 
circuit receives feedback of a signal from a tube current detecting element through a 
dimming circuit, wherein the oscillation circuit includes a frrst oscillation circuit having 
a first oscillation transformer and a second oscillation circuit having a second oscillation 
traosformeXj the first oscillation transformer including a primary windings a secondary 
winding, and a feedback winding, the second oscillation transformer including a 
primary winding and a secondary winding, each one end of the secondary windings is 
connected to an electrode of a cold-cathode tube so as to be in opposite phase, one of 
the opposite ends of Ihe secondary windings is grounded, and the other end of the 
opposite ends of the secondary windings is grounded through the tube current detecting 
element 
[0009] 

In the cold-cathode tube lighting device according to the invention, preferably 
the tube current detecting element is formed by a tube current detecting resistor, one end 
of the resistor is connected to the dimming circuit, and the dimming circuit includes a 
brightness adjusting variable resistor and an error amplifier. In the cold-cathode tube 
lighting device according to the mvention, preferably components of the first oscillation 
circuit and the second oscillation circuit are commonly used, or the first oscillation 
circuit and the second oscillation circuit are formed by different circuits. 
[0010] 

[Embodiments] 

Fig. 1 shows a circuit diagram showing a lighting device according to a first 
embodiment of the invention. In the firsEt embodiment, a first oscillation transformer 
3 1 J a resonant capacitor 32, transistors 33 and 34, and a dimming circuit 42 are similar 
to those of Fig- 3. The lighting device of the first embodiment includes a second 
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oscillation transformer 35 similar to the first oscillation transformer 31. As with the 
first oscillation transformer 31, the second oscillation transfomier 35 is cormected to the 
transistors 33 and 34 to form a first oscillation circuit and a second oscillation circuit. 
Ilie first oscillation circuit includes the first oscillation transformer 3 1 , the resonant 
capacitor 32, and the transistors 33 and 34. The second oscillation circuit includes the 
second oscillation transfomier 35, the resonant capacitor 32, and the transistors 33 and 
34. 

[0011] 

One end of the secondary winding of the first osciUadon transformer 3 1 is 
grounded, and the other end of the secondary winding of the second oscillation 
transformer 3 5 is groimded through a tube current detecting resistor 40. The other end 
of the secondary winding of the first oscillation transformer 3 1 and the other end of the 
secondary winding of the second oscillation transformer 35 are connected to electrodes 
of a cold-cathode tube 37 through capacitors 36 and 36 respectively. One end of the 
resistor 40 is connected to a dimming circuit 42 through a diode. As with the 
conventional dimming circuit, the dimming circuit 42 includes a brightness adjusting 
variable resistor 43 and an error amplifying unit 44. A PWM circuit 45 receives 
feedback of an output fix)m the error amplifying imit 44 to adjust the brightness of the 
liquid crystal display device. 
[0012] 

Polarities of the first oscillation transformer 31 and second oscillation 
transformer 35 are reversed each other such that phases are reversed between a terminal 
portion connected to the first oscillation transformer 3 1 of the cold-cathode tube 37 and 
a terminal portion connected to the second oscillation transformer 35. Accordingly ^ 
the voltage between the electrodes of the cold-cathode tube 37 becomes the sum of the 
voltages generated at the secondary windings. For example, assuming that the 
voltages at the secondary windings are 1 kV, the voltage applied between the electrodes 
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of the cold-cathode tube 37 becomes 2 kV double the applied voltage. On the other 
hand, because the ground voltage applied between the electrodes is 1 kV, there is no 
risk of increased leak current even if the cold-cathode tube 37 is lengthened to increase 
the applied voltage. 
[0013] 

Hie capacitors 36 and 36 connected between the electrodes of the secondary 
windings and the cold-cathode tube 37 can achieve a discharge balance of the 
cold-cathode tube 37 to stabilize the lighting. The generated electric field becomes 
small, because not only the voltage applied to the cold-cathode tube 37 is low, but also 
the first and second oscillation transformers 3 1 and 35 have the reverse xx>larities. 
ITierefore, the generated electric field has no influence on other circuits. 
[0014] 

Fig. 2 is a circuit diagram showing a lighting device according to second 
embodiment of the invention. In the second embodiment, the first oscillation 
transformer 3 1 and the second oscillation transformer 35 are connected to the transistors 
33 and 34 respectively, and different sine waves are generated by the different 
oscillation circuits. The feedback voltage of Ihe oscillation circuit on the second 
oscillation transformer 35 is obtained from the feedback winding of the first oscillation 
transformer 31. 
[0015] 

Accordingly, although the secondary windings of the first and second 
oscillation transformers 31 and 36 are completely independent of each other, the 
oscillation phases thereof are completely equal to each other, and the polarities thereof 
are completely reversed. Therefore^ the voltage between the electrodes of the 
cold-cathode tube 37 becomes the sum of the voltages generated at the secondary 
windings, and the ground voltage is not increased. 
[0016] 
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[Effect of the Invention] 

Thus, according to the invention, the oscillation circuit includes the first 
oscillation circuit having the first oscillation transformer and the second oscillation 
circuit having the second oscillation transformer, the first oscillation transformer 
iacludiag the primary winding, the secondary winding, and the feedback winding, the 
second oscillation transformer including the primary winding and the secondary 
winding, each one end of the secondary windings is connected to the electrode of the 
cold-cathode tube so as to reverse phases, one of the opposite ends of the secondary 
windings is grounded, the other end of the opposite ends of the secondary windings is 
grounded through the tube current detecting element, and the voltage control circuit of 
the oscillation circuit receives the feedback of the signal fi-om the tube current detecting 
element through the dinmiing circuit. Therefore, in the lighting device of the invention, 
the long cold-cathode tube having the small diameter can be lit and the dimming can be 
performed. 
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